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What is Calvin & Hobbes’ primary
misconception?

Same path through l Same subjective
space-time clapsed time
Subjective time -- “proper time” -- is a

fundamental physical observable,
independent of coordinates




Newtonian:
(dt,dx,dy,dz) at some point (t,x,y,z)

Most general:
(dxo,dxl,dxz,dx3) at (xo,xl,xz,x3)

3
2 0 1 2 3
dt ~ = de“gw(x XL, XX )a’xv
Proper u,v=0
Time

B. Riemann
German

5 - E &
) @ Metric Forrlndalized non-
N ' Euclidean
S\ - _.
WW‘LJ{ Tensor geometry (1854)



Assuming Newton found parking....
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Down-going

muon

Down-going decays & A
photon Stopped
muon 2.2 usec
decays
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Basement Cosmic
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1. Down-going muons v < ¢

We observe:

2.

Lifetime of down-going muons > 2.2usec
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The Twin “Paradox’ made easy

Pollux
at
rest

Tor =2VAT? =2AT
TCastor = 2\/AT2 — AX 2/ C2 < TPollux

X It’s just that simple!



New, generalized laws of motion

1. In getting from A to B, all free-
falling objects will follow the path
of maximal proper time
(“geodesic”).

2. Photons follow “null” paths
of zero proper time.
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Recovering Newton’s First Law
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Gravitational Red Shift
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Motion in curved 1+1D space

dt’ = [1 + qb(x)/cz]zdt2 —dx’/c? :
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Force law: action at a distance
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Metric: a local property

dv* =1+ gD/ de* - di* [ c?
+ maximum proper time principal

= a(X)=-V¢(x) for ¢/c* <<l
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Points to take home

e Subjective/proper time as the fundamental observable
 Central role of the metric
 Free-fall paths maximize subjective time

e Minkowski metric for empty space recovers Newton’s 15t law

 Slightly curved space reproduces Newtonian gravitation



